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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a negative electrode material for a non-aqueous 
electrolyte secondary battery having a high initial period charge-discharge efficiency and also 
high reversible battery capacity and having a long cycle lifetime. 

SOLUTION: The negative electrode material consists of a carbon material of two-layer 
structure covered with a carbonaceous substance of such a structure that graphite particles 
having the characteristics (1)-(5) given below obtained through mechanical crushing and grain 
classification are used as nuclei and the surface of each nucleus is covered with carbon 
precursor followed by a heat treatment at 800-2800° C in an inert atmosphere; (1) the mean 
particle size is 10-40 \im and the specific surface area is 102/g or less, (2) the plane spacing 
d002 of the (002) plane of graphite crystalline is less than 0.337 nm according to X-ray 
diffraction method and the size Lc of crystalline in the C-axis direction is 100 nm or more, (3) 
the true specific gravity is 2.18-2.25, (4) the tapping specific gravity is 1.0-1.3, and (5) the peak 
intensity ratio R at 1360 cm-1 to the peak intensity at 1580 cm-1 in the argon ion laser Raman 
spectrum is more than 0.5, while the half band width of the 1580 cm-1 peak is more than 26 
cm-1. 
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002 ^ 0. 336nm, Ci*|Sl©8If C^f H c # 1 0 0 n rnEHl, MitM 2 . 

21, ? y fyyjtio. 6 8©Ailia»&*y*!757Dyfi|S/*;7a-v ! 3y 

-^^r AIC i »#Lt, ¥*9«^^-Sl4Mm, it*B«8. 8m 2 / g , ^ y tf V ^ 
Jtl 1 . oe^T/Vay^ftyi^-f-yvy^^yh/KcgftSlSSOcm" 1 ©!:" 50 
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— ^3Sf iCjfttS 1 3 6 0 c m" 1 ©f - ? ffimttRW.tf 0 . 5 1 , 1580cm" 1 t° 

- * CO ¥ fit 46 a* 2 7 . 5 c m " 1 © JR ft fit -f- & » fc c IJtIfeit)<d 0 0 2 , L c 

tt ft tc«t 5 m -ft: tt B * 6> ft ft a> o ft o 

[ 0 0 4 2 ] 

o o o i , ^#^^-7 0%) &^?y—^-x?$rffl.i,xffimm& & i ow t%{cpsufc^ 

«!20k g fcSrSSCAJi, 3 0#H^i&fc-CSt#*&««rfT-o;fc. co ^ , $1 $ft Sr ffl V •> T 
M^fit £ff ^, ftttifclftKf*! 5 0 t C}cJp^ibT^^/-/v t !r»tSg(Dff|g^^-§r 
6* Si" 5 C b \z X <9 7 * 7 -/v»flgas$c5* L fc*»«t^ £#fc 0 :n^»#lfcl, 

fc2«*igcoM*#£#fc 0 
[ 0 0 4 3 ] 
4 

HJfe^l 2 IrI C^fetil 2 5 k g t tMbi&& 9 0 °C<D fyf 8kg^, 1 

[ 0 0 4 4 ] 

Jtfetfil 1 

AO»ft*#t»St5i i 9, 9 /« m, Jt*I«6. lm 2 / g , 

^ j' f v ^Jtl l . o o, 7/vd"y^tyw-f-7vy^/<^ h ;n; tt 5 l 5 8 o c 

m " 1 CO fc° — ? %S.mizM-f & 1 360 cm - 1 CO fcT — ^ §S S J* R ft fl* 0 . 32, 1 580 
cm - 1 hf — ^ <0 -fit *S a* 2 2 . 0 cm" 1 ©IfStf l:||fc 0 ft *5 , Kitl^ i^d 0 

o 2 , l c tt m # J; 5 -ft: tt B «> b ft ft a> o fc . 

[ 0 0 4 5 ] 

c ©ife v *i^ 5 k g t , ~>^mm (m&^-t 7^ f as p r 5 

0 0 o 1 , ^#^^-7 0%) tr^^y — yi/^fiRLttllSIl 0w t%lcf|Sbfc^ 
M^St £rfr 1^ , #f>ftytH#&m^Sr 1 5 0 °C \z. Mm L * / -/v i «fJJ|co}¥3gj&# * 30 

ft fc 2 a * jt co m * «■ s- # fc „ 

[ 0 0 4 6 ] 

ttmm 2 

T^tfgHMin, Jt*ffii4m 2 / g , X ,H [I] 0r J; 5 (0 0 2) ffi © ffi Pel Si d 

002 as 0. 3 3 5 n m , Ci^|SlWgif©7C#$Lc^i00nmK±, Xitl2. 

2 5, ? j/ fy/Jtlo. 6 30AiII&S^*y*!7 5^pyttI^*y7a-^3y 

^^fAia^ftilLt, ¥^/«I^-gl7Mm, ttgSi4. lm 2 / g , 9 V M V ^ 
JtlO . 9 2, T/l'rfy'ftyi' - if — 7VV7^^ h;H:^lt5 1 5 8 0 cm" 1 ©f 40 
-7^$IC^f51 360 cm" 1 ©f-y3ltitRft^o. 21, 1580cm" 1 fc° 
— ^ © ¥ ft *S ^5 2 1 . 0 c m ~ 1 (O It #& fit ^- £: # fc 0 ft 33 , IJtIS itfd 0 0 2, Lc 

BSftias it tt ig «> & ft ft a> o fc . 

[ 0 0 4 7 ] 

:oliatf 5 k g *ft©u/-;vf 7x;- /v«f|g (ttS^-^-f F&IPR5 
0 0 0 1, ^ « 3§ # 7 0 % ) 4r^^y — /VTfRUTMgtSrl Owt%l:ItLfcf 
«20kg£«r«E#fc:Aft, 3 0 #Pfl MS.}' TftW^St o 7i 0 ^com,MiS£fflV^T 

B?&#lft ^fi 1 f&tlfcIf&e^-Srl 5 0°C(cAP^U-C^^y-^t«f^co#|§^^* 

r i o o o °cco?&^^fKiMs bt^ftu, i^ef f ft-enf §tifc 2i*i 50 
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<D m. m ft % » fc o 
[ 0 0 4 8 ] 

it mm 3 

¥*S«£^-S8Mm, lt«ffi|l 4m z / g , X*Sl|El£rifcU:.fc3 (0 0 2) ffi £> S M M d 
0 0 2 *S 0 . 3 3 6 n m , Ci*fl©ft|f O** J L c # 1 0 0 nmKJ:, X Jfc £ 2 . 
2 2, ^ y If y^'JtlO. 5 8 ©AitSI&l&Sr^y* !7 5 ^ o VttS^ */7^-i? g y 
•>^rAia 5 ffifc L T , 7 ^ m , it 13m 2 / g , ? y M° > 7 it S 

0. 8 8, T/V^V'f tyi'-f-7vy^X^ F/l/tfelt 5 1 5 8 0 cm" 1 © f-^ 
3$SCtt5 1 3 6 0 cm" I Of'- ? &m it R ife & 0 . 50, 1580cm -1 t? — * 

27. 0cm -1 ©SK&tfc^Srftfc. *5 , JCJfcft *5 «£ XI d 0 0 2 , L c fit » 10 
» i£ <fc -5 ^ it f* B «> K ft f)> o „ 
[ 0 0 4 9 ] 

roSftfif 5 k g S^fflv/- /v^^^y — ^ » jjg (ftS'<-^7'i' HilPR5 

0 0 0 1 , T 3§ # 7 0 % ) ^x^y-;Vtf^Ltf ISS^l Ow t%t«ltfc^ 
«20k gi***|:AJl, 3 O^FIifiCTl#ftll:tf ofc„ atttSrJBVT 
H « # fit -Sr ?T W ft&ftfcHI&ti^&l 5 OttJliLTi^y- ^ k MM V>U?&$Lfr 
i*Lt 7 / -/vttfJII^ftf tfcli&S^ - jx £r#p# L fc ^ , £ * # * 3* ffl £i 

Tl 0 0 OtCfiStlfelLT^ftL, *»«t J f-aESdS^*«*-e«E«$*ufc2]i«jS 

[ 0 0 5 0 ] 20 

it mm 4 

¥*SSt?S2 0 jam, JtSBi5m 2 / g , Xj»|§IJfife^«t5 (0 0 2) B <Z> S H PR d 
002 ^ 0. 3 3 7 n m , C«J |»!OMlf ©ict U c iJ3 1 0 0 nmKl, lJtl2. 
17, ? 7 fV^JtlO. 9 8 0AS*»ft**y*!7 5^PVai!^*/7a-i?g y 
i/^f ACi 9R#LT, ¥^^^-Sl8Mm, Jt*ffl«4. 7m 2 / g , ^yt^^ 
it & 1 . 2 1, T/V^^^^-^U- — If— v-^>-X^<^ |> 43 It 5 1 5 8 0 cm" 1 CD tf 

-^3ISC»t5 1 3 6 0 cm" 1 ©t'-^3ltttRt^o. 60, 1580cm -1 tf 
- ? (O & 2 9 . 0 c m~ 1 <D m&iftL^F &mtz a ifefc, XJtlfeiDtd 0 0 2, Lc 

fi © # J: 5 ^ -ft: fi SB £> *x ft d> o „ 

[ 0 0 5 1 ] 30 

C ©Sl&fif 5 k g , U a, y -^«Jg (ftjfe^t- 9 7^ tt» P R 5 

0 0 0 1 , T 3§ # 7 0%) Sr^^y — /w-e#*?b-C»JI»ftSrl 0w t%l:UlLi!:g 

«E20k g tssscAh, 3 o ft m mu\z x mw mm & ?r o o -t «o & , at us & mv^t 

H * 4> * Sr fT V> , # <b *L fc H *i ^- £ 1 5 0 ticai LTx^ 7 - ;v^»i©ffl^5)l: 

Ti o o ot©fiS-efs*iLT^ftL, li#&*fc^*ffi*s^*K!^-e^«§ttfc2««jt 
<r> m m «■ £ ft „ 

[ 0 0 5 2 ] 

AlT«J»!^Jfc«Sft45, fTiS!** 40 

ntSltMLTO. 0 0 2 V4f-£tlfj« («IS^L i ^SA) U 1t & , 
1. 2 Vf -e-S«^T*tt (il&^?,L i ^Jii||) $*,-SJ|iI©^m«iS*t^-f-5jfC 

B K Jfc m ( * «B 6 L i is JK K ) t? * m $5 * ^ b , H & 1 g S fc t> © pj $ ^ * £ % tti 
b fc „ * fc , rtlC;? ? f y^JtlSrtltt, H #& 1 cm 3 ^fc^O-BJie^ASr^fflb 

[ 0 0 5 3 ] 
A 2 T^*fft#* 

in i bfc 3 >mnmzftm l, ^m»K - ^^jett-suc j; <q , ±ps«/±4. 2v, t 50 
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mmi±3. 1 V T?jR V) Sg £ 2 0 0 V 4 ? sun , 5t^^/H(0|ll^t5 2 

[ 0 0 5 4 ] 
[* 1 1 





n a w 




it «g 


m 






1 


2 


3 


4 


1 


2 


3 




4 


Urn) 


18 


18 


14 


14 


19 


17 


7 


18 


tfcliflSft (raVg) 


6.2 


6.2 


8.8 


8.8 


6.1 


4.1 


13.0 


4.7 


d002 (nm) 


0.336 


0.336 


0.336 


0.336 


0.336 


0.335 


0.336 


0.337 


Lc (nm) 


>100 


>100 


>100 


>100 


>100 


>100 


>100 


60 




2.23 


2.23 


2.21 


2.21 


2.23 


2.25 


2. 22 


2.12 




1.12 


1. 12 


1. 06 


1.06 


1.00 


0.92 


0. 88 


1.21 


m 


0.52 


0.52 


0. 51 


0.51 


0.32 


0.21 


0. 50 


0.60 


mum (cm-) 


28.0 


28.0 


27.5 


27.5 


22.0 


21.0 


27.0 


29.0 




94 


95 


93 


94 


94 


89 


88 


94 


^Jimm (raAh/g) 


342 


344 


348 


349 


340 


348 


345 


300 


RKSg* (mAh/cm 3 ) 


410 


412 


404 | 


405 


355 


320 


300 


370 


!gS*t» (%) 


84 


85 


86 


83 


64 


62 


79 


86 



[ 0 0 5 5 ] 

HI« 1 ~4T"tt, ¥^tfi^l0~40^m, ttSSfiin Om 2 /gKT, X,« 
m$T & £ % m&i Mi 7- <D (002) BOBFsIld 0 0 2 ^ 0. 337nm*$5, C Ml ft 
|6)©gl^©^f nc^lOOnmjJJ:, Xttl^2. 18 — 2. 25, 9 y f >- if it 
1^1. 0 ~ 1 . 3, T/i'^y^tyv-f-yvy^^^ F;H:fc!t5 1 5 8 0 c m" 
1 Wlf-^»gC^t5 1 360 cm" 1 Of- ^ 3t S Jt R O f it ^ 0 . 5^Ii, 1 58 
Ocm" 1 t'-^O^tI^2 6cm" 1 Srjffi^SSftlt-f-SrSftU, 7 ^ / —/l-ffimx* 

^o^sSr^^Lfc^icg^^f^^H^^-cs o o e> 2 8 o otciat-eifeiufc 2 

■ «JtOjK*ttSry^^A*?fe©Aai#i:-t-5rtt«t 9 , ajSJ##C*2Sb¥;&S9 3 % £( _k 
, #tlf St 5 © »[f 3 4 0 m A h / g£A_h, PtfttSfc 9 ©pjiitf 0 

OmAh/cm 3 JBA±, SS*Jil***58 3%£tJi(0«»tttiSrji%U, y^^-W^^W 

[ 0 0 5 6 ] 
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0!l 1 -c fi , IK * ft ft co S 9ft m # /h $ < , 5t #c ft if- >f 9 /u © M 5 3S L K «t 5 M * ft M & #J 

1 0 0 5 7 ] 

* , sise^o? y tr >- ^ jt m <d /h $ jt tt #j 2 t? « £ 9 © w ^ m & <s < 

[ 0 0 5 8 ] 

it«M3B¥^SfgASl Omiii*!, tttli^i Om 2 /g^liSI^tf 10 

l & * , m ft tt ^ © « -a- as # < ft r t \z x o t m m w. t © m. # js < & »> , ^ 

IXSta*iM£t^iotl,^ 0 * , ffi SB ft ffi ^ © # ft f£ «t 0 ^ y f >- ^ Jt fi f> ffi < 

, # « Mi 0 © "J i£ # * <£ < ft 3 £ # S » *i 5 « 

[ 0 0 5 9 ] 

£ ifc , JtK^j4(iX^[UJFfvfe{Cj;5Jmi&^B%- ; F-© (0 0 2) ffiOffiffild O O 2 43 <t C 

« S fc 5 co -51 $ & * as <g £l k. fe 5 r kftfti>>% 0 
[ 0 0 6 0 ] 
[ 3£ © $ ^ ] 

y J: o i jo 0 , #*W©#**#K~#««iJBAlS#-**f±, ^ftLfcSISS^*^ 20 

HT, *©*ffi*jK*K*^*«uyt2»#if©jK*^A»^fllJEK**iH « & -T- * E co 

® » < , t^-i^ ^o^ii^st hk*^5. co m * , y^-^A-r^-vm* 

SWiPFSrieWi-Sw £ "ST fl& i ft 3 . 
[ 0 m CO fjg *L ft R £ ] 

[HI] *««^J5V^t, ®fac05§fi*ffe;|$^ 3 7t«>(;:/Bv>fc a -Y ^ M « ?U3 cO »f iB 

0 T? & 5 „ 

[ «F # © m W ] 

1 £ «S 30 
2 

3 ± s< U — -9 
4 

5 jE® ft 

6 # tr v h 

7 ttftflg 
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F^— 5H029 AJ03 A JOS AL06 

DJ17 HJOO HJ05 

5H050 AA07 AA08 BA17 

GA05 GA22 GA27 



AL07 AL19 BJ03 CJ02 CJ22 CJ28 DJ16 

HJ07 HJ08 HJ13 

CB07 CB08 CB29 FA17 FA18 FA19 GA02 

HAOO HA05 HA07 HA 08 HA13 



